An actinomycete, strain D34
An actinomycete, strain D34
T , was isolated from a soil sample collected from the rhizosphere of Stipa grandis at Yunwu Mountain in Ningxia, north-west China. Strain D34 T showed highest 16S rRNA gene sequence similarity to Saccharothrix espanaensis DSM 44229 T (99.0 %),
Saccharothrix texasensis NRRL B-16107 T (98.7 %) and Saccharothrix variisporea NRRL B-16296 T (98.6 %). The strain contained meso-diaminopimelic acid, alanine, glycine and glutamic acid as major cell-wall amino acids. Mannose, rhamnose and galactose were the characteristic whole-cell sugars. The fatty acid profile consisted predominantly of iso-C 15 : 0 , iso-C 16 : 0 , iso-C 16 : 1 , C 17 : 1 v6c, anteiso-C 17 : 0 and anteiso-C 15 : 0 . The phospholipid profile included phosphatidylethanolamine (typical of phospholipid pattern type II). Furthermore, a combination of some physiological and biochemical properties and low DNA-DNA relatedness values indicated that strain D34 T was differentiated from members of closely related species. On the basis of these phenotypic, genotypic and chemotaxonomic data, strain D34
T represents a novel species of the genus Saccharothrix, for which the name Saccharothrix stipae sp. nov. is proposed. The type strain is D34 T (5JCM 30560
The genus Saccharothrix was proposed by Labeda et al. (1984) . It belongs to the order Actinomycetales. Members of the genus Saccharothrix are characterized by a type III cell wall (meso-diaminopimelic acid without glycine), containing galactose, rhamnose and traces of mannose as diagnostic whole-cell sugars. According to Labeda & Lechevalier (1989) , Saccharothrix harbours menaquinone MK-9(H 4 ) and phosphatidylethanolamine (phospholipid type II) or phosphatidylethanolamine and phospholipids containing glucosamine (phospholipid type PIV).
Several species of this genus have been transferred to other new taxa, including the genera Lentzea (Yassin et al., 1995) , Crossiella (Labeda et al., 2001) , Lechevalieria (Labeda et al., 2001) , Goodfellowia (Labeda & Kroppenstedt, 2006) and Umezawaea (Labeda & Kroppenstedt, 2007) . At the time of writing, the genus Saccharothrix contains 15 species and two subspecies including the recently described Saccharothrix hoggarensis (Boubetra et al., 2013a) , Saccharothrix saharensis (Boubetra et al., 2013b) , Saccharothrix carnea (Liu et al., 2014) and Saccharothrix tamanrassetensis (Boubetra et al., 2015) .
Strain D34
T was isolated from a soil sample collected from the rhizosphere of Stipa grandis at Yunwu Mountain in Ningxia, north-west China (368 169 1.80 N 1068 239 57.60 E). The strain was isolated using the standard dilution plate method and grown on modified Gause's synthetic agar (Lin et al., 2011) . After 21 days of aerobic incubation at 28 8C, colonies were transferred and purified on modified Gause's synthetic agar, and maintained on modified Gause's synthetic agar slopes and as glycerol suspensions (20 %, v/v) at 280 8C.
Morphological properties were examined by light microscopy (Olympus CX31) and scanning electron microscopy (JSM 6360LV), using cultures grown on Gause's synthetic agar medium for 7, 14 and 21 days. The process for electron micrograph preparation was as used by Eguchi et al. (1993) . Cultural characteristics of strain D34
T and the reference strains were determined after 14 days of incubation at 28 8C on different culture media, according to the methods of the International Streptomyces Project (ISP) (Shirling & Gottlieb, 1966) . Colours were determined according to the methods described by Kelly (1964) .
The utilization of carbon and nitrogen sources was determined by using the methods of Gordon & Mihm (1962) and Tsukamura (1966) . Other phenotypic characteristics were tested by using standard procedures (Goodfellow, 1971; Williams et al., 1983) . The range of temperatures (4, 10, 20, 28, 37, 45 and 50 8C) , pH (from 4.0 to 12.0 at intervals of 1 pH unit) and NaCl (ranging from 0 to 11 %, w/v, at intervals of 1 %) of strain D34
T were tested on ISP 2 agar plates after incubation for 14-21 days at 28 8C except for temperature tests.
Analyses of the isomeric form of diamino acid in the cell wall and of whole-cell sugars were performed as described by Lechevalier & Lechevalier (1970 , 1980 and Staneck & Roberts (1974) , respectively. Menaquinones and phospholipids were extracted and purified according to the protocol of Minnikin et al. (1984) . Menaquinones were analysed by HPLC with an ODS-BP C18 column (4.66250 mm) and phospholipids were separated and identified by twodimensional TLC (silica gel 60; 10610 cm) (Ren et al., 2013) . TLC plates were developed with anisaldehyde and molybdenum blue reagents. Fatty acids were extracted as described by Kämpfer & Kroppenstedt (1996) . The fatty acid methyl esters (FAMEs) were analysed by GC following the MIS operation manual (MIDI Inc.). FAMEs were identified and qualified by the Sherlock MIS software (version 4.5).
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were carried out as described by Chun & Goodfellow (1995) . Universal bacterial 16S rRNA gene primers [forward primer P1 (59-CGGGATCCAGAGTTTG-ATCCTGGCTCAGAACGAACGCT-39) and reverse primer P6 (59-CGGGATCCTACGGCTACCTTGTTACGACTTC-ACCCC-39)] were used for 16S rRNA gene PCR amplification. The PCR product was purified and sequenced directly on an automated DNA Sequencing System (ABI 3730XL). The 16S rRNA gene sequence of strain D34
T was multiply aligned with those deposited in the GenBank database and sequence similarities were calculated with the EzTaxon-e server (Kim et al., 2012) . Alignments of 16S rRNA gene sequences of strain D34
T and other type strains of the genus Saccharothrix were carried out with CLUSTAL X version 1.8 (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Fitch, 1971 ) tree-making algorithms in MEGA version 4.1 (Kumar et al., 2008) . The genetic distance matrices were estimated by the Kimura twoparameter model (Kimura, 1980) . Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 replicates (Felsenstein, 1985) . The DNA G+C content was determined using the thermal melting protocol (Marmur & Doty, 1962) , with Escherichia coli K-12 as the standard. The taxonomic relationship between strain D34
T and its closest relatives was further examined by DNA-DNA hybridization analysis using the initial renaturation rate method which was performed in triplicate ( De Ley et al., 1970) . 
T exhibited good growth on ISP 2, ISP 3, ISP 4, ISP 5, nutrient agar, Gause's synthetic agar, Bennett's, glucose asparagine agar and Czapeck's agar media, but no growth on ISP 1, ISP 6 or ISP 7 media. Strain D34 T formed well-developed and branched substrate hyphae on Gause's synthetic agar. Sparse white to yellowish white aerial mycelium was produced on some media (Table 1) . Strain D34
T produced pale yellow soluble pigment on ISP 5, Czapek's agar, Gause's synthetic agar and glucose asparagine agar. The weak aerial mycelium exhibited characteristic spiral morphology during sporulation, with spores generally having a verrucose surface (Fig. 1) .
T contained mainly mannose, rhamnose and galactose. The whole-cell hydrolysate of strain D34 T contained meso-diaminopimelic acid, alanine, glycine and glutamic acid as major cell-wall amino acids. The characteristic polar lipids were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, an unknown phospholipid, phosphatidylglycerol, an unknown phospholipid and phosphatidylinositol mannosides (Fig. S1 , available in the online Supplementary Material). Strain D34 T contained menaquinones MK-9(H 4 ) (58 %), MK-9(H 6 ) (17 %), MK-10(H 4 ) (13 %) and traces of MK-9(H 2 ) and MK-9(H 8 ). The profile of major fatty acids consisted of iso-C 15 : 0 (24.06 %), iso-C 16 : 0 (15.89 %), iso-C 16 : 1 (10.72 %), C 17 : 1 v6c (8.10 %), anteiso-C 17 : 0 (6.76 %) and anteiso-C 15 : 0 (6.21 %) (Table S1) . An almost-complete 16S rRNA gene sequence (1406 bp) for strain D34 T was obtained. A preliminary comparison of the sequence with those in GenBank indicated that strain D34
T belonged to the genus Saccharothrix. Pairwise sequence similarities calculated on the EzTaxon-e server (Kim et al., 2012) between the new isolate and species of the genus Saccharothrix indicated that strain D34 T shared 99.0 % similarity with Saccharothrix espanaensis DSM 44229 T , 98.7 % with Saccharothrix texasensis NRRL B-16107 T and 98.6 % with Saccharothrix variisporea NRRL B-16296 T . The phylogenetic position of the isolate in relation to other species of the genus Saccharothrix based on the neighbour-joining method is shown in Fig. 2 . It was similar to the phylogenetic trees reconstructed using the minimum-evolution (Fig. S2) and maximumparsimony (Fig. S3) (Wayne et al., 1987) . These results demonstrate that strain D34
T represents a separate genomic species of the genus Saccharothrix.
Comparison with the descriptions of previously characterized species of the genus Saccharothrix showed that strain D34
T could be distinguished from them based on a combination of biochemical and physiological properties, in particular NaCl tolerance, cellulase production, and decomposition of L-threonine and adenine (Table 2) .
On the basis of the phenotypic and genotypic data, strain D34
T represents a novel species of the genus Saccharothrix, for which the name Saccharothrix stipae sp. nov. is proposed.
Description of Saccharothrix stipae sp. nov.
Saccharothrix stipae (sti9pae. N.L. gen. n. stipae of the plant Stipa grandis from whose rhizosphere the type strain was isolated).
Aerobic, Gram-stain-positive, mesophilic actinomycete. Forms a well-developed and extensively branched substrate mycelium, and sparse white to yellowish white aerial mycelium is produced on some media. Pale yellow soluble pigment is produced on ISP 5, Czapek's agar, Gause's synthetic agar and glucose asparagine agar. Spores are spherical to oval in shape with verrucose surfaces. Growth occurs at 28-45 uC, at pH 5-9 and in the presence of 0-6% (w/v) NaCl. Optimum growth occurs at 28 uC, at pH 7.5 and in the presence of 2% (w/v) NaCl. Utilizes L-arabinose, inositol, raffinose and starch but not lactose, L-rhamnose or D-xylose as sole carbon sources. Metabolizes alanine, adenine, leucine, L-threonine and histidine. Positive for milk peptonization and coagulation, cellulose, catalase and starch hydrolysis. Negative for nitrate reduction, gelatin liquefaction, H 2 S production and oxidase production. The cell wall contains meso-diaminopimelic acid, alanine, glycine and glutamic acid. Mannose, rhamnose and galactose are the characteristic whole-cell sugars. The predominant menaquinones are MK-9(H 4 ), MK-9(H 6 ) and MK-10(H 4 ), with trace amounts of MK-9(H 2 ) and MK-9(H 8 ). The characteristic polar lipids are phosphatidylethanolamine and diphosphatidylglycerol (typical of phospholipid pattern type II). The major cellular fatty acids are iso-C 15:0 , iso-C 16:0 , iso-C 16:1 and C 17:1 v6c.
The type strain, D34
T (5JCM 30560 T 5ACCC19714 T ), was isolated from a soil sample collected from the rhizosphere of Stipa grandis at Yunwu Mountain in Ningxia, north-west China. The DNA G+C content of the type strain is 74.1 mol%. 
